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Objective: To compare and ascertain the suitability for endovascular aortic grafl fixation of the Palmaz stent, the Str cker 
stent, the modified Gianturco-Z stent, the Wallstent and a new stent made of the shape memory alloy nitinoI. 
Design, setting and materials: In vitro studies using a simple tensiometer to assess the forces required to distract each 
stent from porcine aorta; and using a high-pressure, pulsatile-flow pump to measure flow rates required to dislodge stents 
holding grafts within porcine aortas, with assessment using endovascular ultrasound. 
Results: The Palmaz, the modified Gianturco-Z and the nitinol stents resisted significantly greater distraction forces than 
the Wallstent, but endovascular ultrasound examination revealed that the modified Gianturco-Z stent was seen to move 
away from the aortic wall at high flow rates precluding adequate fixation. The Strecker stent could not be assessed using 
these techniques. 
Conclusions: A nitinol stent may be suitable for aortic graft fixation, has characteristics similar to the Palmaz stent and 
has shape memory effect which may overcome the difficulties of introduction of wider diameter stents through narrow 
arteries. 
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Introduction 
Current concepts in the endovascular treatment of 
abdominal aortic aneurysm involve the use of a 
catheter-based elivery system, introduced via a 
femoral arteriotomy, and advanced through the iliac 
arteries to the abdominal aorta. Here a prosthetic 
vascular graft is placed across the aneurysm sac from 
within, and fixed in position using expandable metal 
stents, to exclude the aneurysm from the circulation, 
preventing rupture. 1 
The purpose of this study was to ascertain which 
types of stent are the most suitable for fixation of an 
endovascular graft. The investigation was confined to 
stents that are currently commercially available, or 
were specially made for these studies, and were of 
dimensions uitable for aortic stenting. Thus several 
stents described in the historical literature, or that are 
not yet available in a suitable size, could not be used. 
The following stents were assessed: (i) Palmaz stent 
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(Johnson and Johnson Corp., New Brunswick, NJ 
U.S.A.). A rigid, balloon-expandable mesh consisting 
of crossed stainless-steel struts (Fig. 1). This was the 
first stent used for endovascular graft fixation. 1 (ii) 
Strecker stent (Boston Scientific Inc., Watertown, MA 
U.S.A.). A flexible, balloon-expandable, fine tantalum 
knit (Fig. 2). This stent is currently used for the 
treatment of iliac and femoral stenoses and occlu- 
sions. 2 (iii) Modified Gianturco-Z stent (Cook Inc., 
Bloomington, IN U.S.A.). A self-expandable, stainless- 
Fig. 1. Palmaz stent 
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steel stent which springs open against he vessel wall 
(Fig. 3). The original version (without hooks) was used 
for the treatment of malignant vena caval occlusions. 
The modified version of this stent (with ooks) is 
currently used for endovascular graft fixation. 3 (iv) 
Wallstent (Schneider/Europe, AG, Bfilach, Switzer- 
land). A flexible, self-expandable mesh consisting of 
fine interwoven, stainless-steel struts (Fig. 4). This 
stent was originally designed for use in coronary and 
peripheral arteries and is currently used for the 
treatment ofiliac and femoral stenoses and as a biliary 
endoprosthesis. 4 (v) Nitinol coil stent (Fig. 5). A new 
stent made of the shape memory alloy nitinol. This 
remarkable alloy has the ability to change its shape 
with changes in temperature. 5 This is ideal for stenting 
applications as it can be introduced as a lmm 
diameter wire through a cooled introducer catheter, 
and on being extruded into the aorta and reaching 
body temperature it will transform into a rigid, coiled 
stent shape. This may overcome the difficulties of 
introduction of wider diameter stents through narrow 
arteries. 
Fig. 2 Strecker stent 
Materials and Methods 
Three simple in vitro experiments were performed on 
each type of stent, to assess the suitability for 
endovascular g aft fixation. In order to standardise the 
experiments, stents designed to expand to an external 
diameter of 11mm were used in all cases. These were 
introduced into lengths of abattoir-acquired porcine 
aorta selected to have internal diameter of 10mm. 
Although these measurements are smaller and less 
variable than those found in human aorta, they allow 
direct comparison of the different types of stent. 
Fig. 3 Gianturco-Z stent 
Experiment 1: to determine the force required to cause 
each type of stent to be distracted from porcine aorta 
In this experiment a stent of each type was released 
into position in the porcine aorta. A fine suture loop 
was then placed through the stent within the aorta nd 
hooked onto a simple tensiometer (Fig. 6). The 
distraction force was measured by gently pulling the 
tensiometer to increase the tension, and the force 
Fig. 4. Wallstent Fig. 5. Nitinol coil 
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required to completely dislodge the stent, or to cause 
it to move by more than 5mm within the aortic lumen, 
was recorded. The experiment was repeated 15 times 
for each type of stent. 
Experiment 2: to determine the flow rates required to 
cause migration of various stent-graft combinations in 
porcine aorta 
In this experiment, each stent was first sutured with 
three fine silk stitches to a piece of 30mm long by 
10mm external diameter thin-walled, polytetrafluoro- 
ethylene (PTFE) graft to form a stent-graft. The stent 
just over lapped the inside of the PTFE. Each of these 
stent-grafts was then released into 10mm internal 
diameter porcine aorta connected in series to a high- 
pressure pulsatile-flow circuit (Fig. 7), set so that when 
the flow rate was at a physiological level of 51/min, 
with the pulse generator set on 60 beats/rain,  the 
systolic pressure recorded would be 100 mmHg.  The 
pump was switched on and the flow rate was 
gradually increased until the stent-graft was extruded 
from the aorta, or moved by more than 5mm. This 
flow rate was recorded 10 times for each type of stent- 
graft. 
Experiment 3: to determine the flow rates at which 
leakage occurs around the sides of different ypes of 
stent-grafis, using endovascular ultrasound 
In this experiment each stent was again attached to a 
thin-walled PTFE graft as described, and released into 
the aorta in the high-pressure, pulsatile-flow pump. 
An endovascular ultrasound catheter was then passed 
into the stent, and the behaviour of the stent was 
observed in real time as the flow rate was increased. If
the stent was seen to move away from the aortic wall 
the flow rate at which this was first seen to occur was 
recorded. The experiment was repeated eight times for 
each stent-graft. 
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Fig. 6. Tensiometer attached to stent in porcine aorta 
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Fig. 7. High-pressure pulsatile-flow circuit 
Resu l ts  
Experiment 1 (Table 1) 
Table 1 Distraction forces of stents from porcine aorta 
Mean distraction force (g) S.D. 
Palmaz stent 217 118 
Gianturco-Z stent 178 60 
Wallstent 30 23 
Nitinol coil 260 123 
Strecker stent Force could not be measured 
There was no significant difference between the forces 
required to distract the Palmaz stent, the modif ied 
Gianturco-Z stent or the nitinol coil. However, these 
were significantly greater than the forces required to 
distract he Wallstent (Mann-Whitney U-test, p < 0.05). 
The Strecker stent could not be assessed using this 
technique as the longitudinal force placed by the 
tensiometer on this stent causes its strands to 
deform. 
Table 2 
aor ta  
Experiment 2 (Table 2) 
Flow rates required to distract stent-grafts from porcine 
Flow rate 
Palmaz stent > 8 1/min 
Gianturco-Z stent > 8 1/min 
Wallstent mean 2.9 1/min S.D. 1.2 
Nitinol coil > 8 1/min 
Strecker stent Flow rate could not be measured 
In this experiment the Palmaz, modif ied Gianturco-Z 
and nitinol coil stent-grafts all remained fixed within 
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the aorta on all occasions, at flow rates up to 81/min 
(the maximum flow rate that could be attained with 
this apparatus). The Wallstent-graft migrated on all 
occasions at a significantly lower mean flow rate 
(Mann-Whitney U-test, p<0.05). Once again the 
Strecker stent could not be assessed with this appara- 
tus, as it was not possible to attach the graft without 
deforming the fine tantalum strands. 
Experiment 3 (Table 3) 
Table 3 Flow rates at which  steuts are seen to remain well 
appl ied to the aortic wal l  us ing endovascular ultrasound. 
Flow rate 
Palmaz stent > 8 l/rain on all occasions 
Gianturco-Z stent > 8 l/rain on 6/8 occasions 
Wallstent Mean 3.1 l/rain S.D. 2.7 
Nitinol coil > 8 1/min on all occasions 
Strecker stent Flow rate could not bemeasured 
Using endovascular ultrasound, the Pahnaz stent- 
graft and the nitinol coil stent-graft remained well 
applied to the aortic wall at high flow rates. The 
Wallstent-graff remained well applied to the aortic 
wall until a critical flow rate was reached (as in 
Experiment 2) at which point the whole stent-graft 
dissociated from the aortic wall and migrated. The 
modified Gianturco-Z stent-graft remained well 
applied to the aortic wall in all cases at low flow rates 
but on two occasions at high flow rates (5.4 and 
6.11/min), the stent was seen to rock and move away 
from the aortic wall (Fig. 8). Once again the Strecker 
stent could not be evaluated using this apparatus. 
Fig. 8. Endovascular ultrasound showing poor application of the 
Gianturco-Z stent to the aortic wall at high flow rates 
Discussion 
The suitability of a specific stent for fixing an aortic 
graft in position depends on its shape and size, the 
area in contact with the aortic wal l  the flexibility or 
resistance to radial force, and any other specific 
features uch as hooks or barbs. These features are, of 
course, different for each type of stent, but the 
combined effect of all these individual variables can be 
compared to assess the security of fixation for each 
type of stent. This can be simply done by measuring 
the distraction forces required to dislodge stents of 
comparable sizes from aorta of a specific internal 
diameter. 
The first experiment, although crude, demon- 
strated well the inferior resistance to distraction of the 
Wallstent. This can be attributed to the flexibility of the 
stent, which allows less resistance to the radial forces 
which are reduced as tension is placed on the stent. A 
more physiological mode l  as provided by the second 
experiment, demonstrates that the nitinol coils, Gian- 
turco-Z stents and Palmaz stents all have fixation 
characteristics such that they resist migration at high 
flow rates, when used to hold endovascular grafts in 
porcine aorta in vitro. The inability of the Strecker stent 
to be adequately secured to a graft probably precludes 
its use to fix endovascular grafts in position by this 
technique. It could, however, have a possible role as a 
covered stent in the endovascular exclusion of abdom- 
inal aortic aneurysm. The fixation strength of the 
Palmaz stents and the nitinol coils probably relates to 
their rigidity, whilst the fixation of the Gianturco-Z 
stent is related to its barbs, as it is flexible. This may 
explain why the Gianturco-Z stent failed to remain 
well applied to the aortic wall on some occasions. 
Although these experiments were performed in 
normal porcine aortas, rather than diseased human 
aortas, and thus used smaller stent-grafts, they do 
allow direct comparison of the behaviour of each type 
of stent, and their suitability for holding endovascular 
grafts in position. It appears that the new nitinol coil 
has fixation characteristics similar to the Palmaz stent 
and that these two stents may be the most suitable for 
endovascular graft fixation. However, in addition, the 
nitinol coil has shape memory properties that may 
facilitate its introduction as a narrow wire through a 
cooled introducer catheter before it converts to the 
coiled stent shape on reaching body temperature. 
Although the size of the introducer catheter is cur- 
rently limited not by the size of the stent, but by the 
size of the folded graft, it may be that with improved 
graft technology and the use of shape memory stents 
it will be possible to introduce stent-grafts through 
considerably smaller introducer catheters than those 
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used at present, thus facilitating introduction through 
narrow calibre vessels or even percutaneous 
insertion. 
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